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The present invention relates to a bitumen 
composition, a process of preparing a bitumen 
composition, and the use of a bitumen composition as an 
adhesive. 

Background of the Invention 

Bitumen is a versatile material that is widely used 
in civil engineering. One use of bitumen is as an 
adhesive for repairing cracks in buildings and road 
surfaces, and as a joint sealant. When used as an 
adhesive, it is generally necessary to heat the bitumen 
to a temperature where it becomes workable before it can 
be applied. However, for certain applications this is 
inconvenient and bitumen compositions have been developed 
which are cold-applicable, i.e. they may be applied as an 
adhesive without the need for heating. One such 
composition is described in EP-A 37136. 

The compositions of EP-A 37136 are cold-applicable 
adhesives that comprise bitumen, an elastomer, and a 
lithium salt of a fatty acid. The lithium salt acts as a 
thixotropic agent, causing the composition to harden 
after application. The compositions have the ability to 
bond to many substrates in cold and damp conditions and 
are widely used as sealants on metal, concrete and 
brickwork; in the roofing industry; and in hydraulic 
applications, for example as sealants for canal linings 
or waterprobf ing cement concrete dams. 

To facilitate application, the compositions of EP-A 
37136 may further comprise an aromatic hydrocarbon 
solvent {e.g. benzene, toluene, xylene etc) or a 
halogenated hydrocarbon solvent (e.g. dichloromethane or 
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1, 1, 1, -trichloroethane) . These solvents evaporate after 
application, causing the composition to harden or cure. 

To date, the only solvents considered suitable for 
use in cold-applicable compositions such as those 
described in EP-A 37136 are aromatic hydrocarbon solvents 
or halogenated solvents; 1, 1, 1, -trichloroethane being 
especially preferred. However, in recent years it has 
been found that aromatic hydrocarbon and halogenated 
solvents are harmful to the environment and may have 
detrimental effects on human health. Therefore, it would 
be advantageous if there was a means of replacing these 
solvents in cold-applicable bituminous adhesives. 
Summary of the Invention 

It has now surprisingly been found that a bitumen 
composition comprising an ester-based solvent has 
excellent properties for use as a cold-applicable 
adhesive. As well as having properties approaching or 
equal to those of compositions comprising halogenated or 
aromatic hydrocarbon solvents, the compositions are an 
improvement on existing formulations in that the ester- 
based solvents are more desirable from an environmental 
perspective and do not pose a threat to human health. 

Accordingly, the present invention provides a 
bitumen composition comprising: - 

(i) from 0.1 to 25 % wt of an elastomer, 

(ii) from 0.1 to 40 % wt of a solvent, 

(iii) from 30 to 99 % wt of a bitumen, 

(iv) from 0.1 to 30 % wt of a lithium salt of a 
c 10~ c 40 fatty acid or hydroxy fatty acid, and 
optionally 

(v) from 0 to 70 % wt of a filler, all weights 
based on total bitumen composition, 

wherein the solvent is of general formula (I) 
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A* 

wherein R 1 represents a hydrogen atom or a hydrocarbyl 
group having from 1 to 6 carbon atoms, r2 represents a 
hydrocarbyl group having from 1 to 6 carbon atoms, and the 

5 sum of the carbon atoms in R 1 and R 2 is from 5 to 7. 
Detailed Description of the Invention 

The bitumen composition of the present invention 
comprises from 0.1 to 40 % wt of a solvent of general 
formula (I) . The amount of solvent may vary depending on 

10 the manner in which the bitumen composition is to be 

applied. For example, where the composition is applied 
using a spatula, hand-held cartridge or application-gun 
for precise application, the amount of solvent may 
conveniently be in the range of from 5 to 15 % wt, 

15 preferably 9 to 12 % wt, based on total bitumen 

composition. However, when the bitumen composition is to 
be applied as a spray to treat a large surface area, the 
amount of solvent may conveniently be in the range of 
from 15 to 30 % wt, based on total composition. 

20 Preferably, in general formula (I) R 1 and R 2 each 

independently represent a hydrocarbyl group having from 1 
to 6 carbon atoms. The hydrocarbyl groups of general 
formula (I) are unsubstituted. The hydrocarbyl groups may 
be straight or branched chain, saturated or unsaturated; 

25 preferred hydrocarbyl groups being alkyl or alkenyl groups 
having from 1 to 6 carbon atoms, more preferably alkyl 
groups having from 2 to 4 carbon atoms, e.g. ethyl, 
propyl, and butyl groups. Particularly preferred are n- 
alkyl groups having from 2 to 4 carbon atoms. 

30 In general formula (I), the sum of the carbon atoms 

in R 1 and R 2 is from 5 to 7. This is because when the sum 
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of the carbon atoms is greater than 7, the curing times of 
the composition are too slow; and when the sum of the 
carbon atoms is less than 5, the solvents are too 
flammable to be used safely in the compositions. 
Preferably, the sum of the carbon atoms in R 1 and R 2 is 6, 

When the bitumen composition of the present 
invention is applied, the solvent of general formula (I) 
will evaporate and the composition will cure. The time 
taken for the composition to cure will vary depending on 
the thickness of composition applied, however, curing 
times will conveniently be in the range of from 7 to 60 
days, preferably from 10 to 30 days. In this regard it is 
preferred that the solvent of general formula (I) has a 
boiling point of from 110 to 180 °C, more preferably from 
120 to 160 °c. 

In a preferred embodiment of the present invention 
the bitumen composition comprises a solvent of general 
formula (I) wherein R 1 and R 2 each independently represent 
an alkyl group having from 2 to 4 carbon atoms and the sum 
of the carbon atoms in R 1 and R 2 is 6. Examples of 
solvents that may very conveniently be used in accordance 
with this embodiment include ethyl valerate, ethyl 
isovalerate, ethyl 2-methylbutyrate, n-propyl butyrate, 
isopropyl butyrate, n-butyl propionate, and isobutyl 
propionate . 

The solvents of general formula (I) are esters that 
are commercially available and/or readily prepared by 
known chemistry. A solvent of general formula (I) which 
gives very good results when used in the present 
invention is n-butyl propionate, which can be obtained 
from the Eastman Chemical Company or the Dow Chemical 
Company (boiling point 145°C) . 
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The bitumen (iii) of the present invention may be a. 
naturally occurring bitumen or a bitumen derived from a 
mineral oil, e.g. a cracked residue, or a blend of 
various bitumen types . 

Examples of bitumen that may be conveniently used in 
the present invention include distillation or "straight 
run" bitumen, precipitation bitumen (e.g. propane 
bitumen), and oxidised or air-blown bitumen. Other 
bitumen that may be used include mixtures of one or more 
of these bitumen with extenders such as petroleum 
extracts, distillates or residues, and oils. Preferably, 
the bitumen is a distillation or "straight run" bitumen, 
optionally containing an extender. 

Preferably, the bitumen (iii) has a penetration from 
100 to 300 dmm, more preferably from 140 to 260 dmm 
(measured at 25 °C according to EN 1426) . The softening 
point of the bitumen is preferably from 30 to 50 °C, more 
preferably 34 to 43 °C (measured according to EN 1427) . 

The amount of bitumen in the bitumen compositions is 
preferably from 30 to 75 % wt, more preferably 30 to 60 % 
wt, and most preferably 35 to 50 % wt, based on total 
bitumen composition . 

The bitumen composition of the present invention 
comprises from 0.1 to 25 % wt of an elastomer (i) . 
Preferably, the amount of elastomer is from 0.2 to 10 % 
wt, more preferably 0.5 to 6 % wt and most preferably 1 
to 3 % wt, based on total bitumen composition. 

A wide variety of elastomers may be used in the 
bitumen composition of the present invention. Examples of 
elastomers that may be conveniently used include 
polyesters , polyacrylates , polysulphides , polysislicones 
and polyesteramides that show elastomer behaviour. 

A class of elastomer that may very conveniently be 
used in accordance with the present invention are 
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elastomers based upon polymers of dienes, such as 
butadiene or isoprene, or copolymers of such dienes with 
a vinyl aromatic compound such as styrene. 

Accordingly, in a preferred embodiment of the 
5 present invention the elastomer (i) is a block copolymer 
comprising at least two terminal poly (monovinylaromatic 
hydrocarbon) blocks and at least one central 
poly (conjugated diene) block, forming a continuous 
network. 

10 Preferably the block copolymer of the preferred 

embodiment is selected from the group consisting of those 
of formulae A(BA) m or (AB) n X, wherein A represents a 
block of predominantly poly (monovinylaromatic 
hydrocarbon) , wherein B represents a block of 

15 predominantly poly (conjugated diene), wherein X 

represents the residue of a multivalent coupling agent 
and wherein n represents an integer > 1, preferably £ 2, 
and m represents an integer > 1, preferably m is 1. 

More preferably the A blocks represent predominantly 

20 poly (styrene) blocks and the B blocks represent 

predominantly poly (butadiene) or poly (isoprene) . Most 
preferably the B blocks are predominantly 
poly (butadiene) . Multivalent coupling agents to be used 
include those commonly known in the art. With the term 

25 "predominantly" it is meant that the respective blocks A 
and B may be mainly derived from monovinyl aromatic 
hydrocarbon monomer and conjugated diene monomer, which 
monomers may be mixed with other structurally related or 
non-related co-monomers , e.g. mono-vinyl aromatic 

30 hydrocarbon monomer as main component and small amounts 
(up to 10%) of other monomers or butadiene mixed with 
isoprene or with small amounts of styrene. More 
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preferably the copolymers contain pure poly (styrene) , 
pure poly(isoprene) or pure poly (butadiene) blocks. 

Preferably the A blocks of the block copolymers have 
an apparent mol wt. in the range of from 3,000. to 
100,000, preferably in the range of from 5,000 to 50,000; 
whilst the B blocks preferably have an apparent mol wt. 
in the range of from 10,000 to 300,000, more preferably 
in the range of from 40,000 to 200,000, and most 
preferably in the range of from 45,000 to 120,000. 

The originally prepared poly (conjugated diene) 
blocks usually contain in the range of from 5 to 50 mol% 
of vinyl groups, originating from 1,2 polymerisation 
relative to the conjugated diene molecules, and 
preferably a vinyl content in the range of from 10 to 
25%. 

The block copolymers to be used according to the 
present invention preferably contain polymerised vinyl 
aromatic monomers in an amount in the range of from 10 to 
60% by weight, more preferably in the range of from 15 to 
45% by weight. 

The apparent molecular weight of the total block 
copolymer will preferably be in the range of from 50,000 
to 600,000 and more preferably in the range of from 
150,000 to 550,000. 

The block copolymers may optionally be hydrogenated. 
The hydrogenation may be complete or partial and may be 
achieved, if desired, by techniques well known in the 
art. 

Preferred elastomers for use in the present 
invention are available from Kraton B.V. (Kraton is a 
trade mark) , for example Kraton D-1184. 

The bitumen composition of the present invention 
comprises a lithium salt of a Cio-C 40 fatty acid or hydroxy 
fatty acid (iv) . Preferably, the amount of lithium salt is 
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from 0.5 to 20 % wt, more preferably 1 to 10 % wt and most 
preferably 2 to 6 % wt, based on total bitumen 
composition. 

Preferred lithium salts according to the present 
invention are lithium salts of fatty acids or hydroxy 
fatty acids having 12-22 carbon atoms. Examples of 
lithium salts which may very conveniently be used include 
lithium stearate, lithium hydroxystearate, lithium 
palmitate and lithium hydroxypalmitate; lithium stearate 
being particularly preferred. Lithium salts of unsaturated 
fatty acids may also be applied as well as mixtures of 
various lithium salts of fatty acids or hydroxy fatty 
acids. 

The bitumen composition of the present invention may 
optionally contain one or more fillers (v) . The amount of 
filler may be up to up to 70 % wt based on total 
composition. Preferably, the amount of filler, when 
present, is in the range of from 15 to 60 % wt, more 
preferably 25 to 50 % wt, based on total composition. The 
filler may be inorganic or organic in nature. Examples of 
fillers that may be conveniently used include chalk, 
limestone, unbaked powdered gypsum, talcum, fly ash, coal 
combustion waste, pigments such as titanium dioxide, iron 
oxide, chromium oxide, diatomaceous earth and other clays, 
quartz flour, calcium carbonate and fumed silica. A filler 
which has been found to give very good results in the 
present invention is calcium carbonate filler. 

For the avoidance of doubt, and as will be readily 
understood by those skilled in the art, in the bitumen 
composition of the present invention the total amount of 
components (i), (ii) , (iii) , (iv) and (v) does not exceed 
100 % wt of the total bitumen composition. 

The bitumen composition of the present invention may 
further comprise additional additives conventionally used 
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in bituminous adhesives, such as anti-oxidants, 
microbicides and water repellents. 

The bitumen composition of the present invention may 
be prepared by various methods known to those skilled in 
5 the art. However, a preferred method of preparing the 

composition comprises adding the elastomer as a solution 
in the solvent to a pre-blend of bitumen and lithium 
salt- It is preferred to prepare the composition in this 
way as in order to mix the bitumen and lithium salt it is 

10 often necessary to heat the bitumen to high temperature, 
and this may decompose any elastomer present. However, it 
can be difficult to mix the elastomer directly into the 
pre-blend of bitumen and lithium salt, and it is 
therefore advantageous to dissolve the elastomer in the 

15 solvent prior to addition. 

Accordingly, the present invention further provides 
a process of preparing a bitumen composition which 
comprises mixing a first component (A) comprising (i) from 
0.1 to 25 % wt of an elastomer, and (ii) from 0.1 to 40 % 

20 wt of a solvent; with a second component (B) comprising 

(iii) from 30 to 99 % wt of a bitumen, (iv) from 0.1 to 30 
% wt of a lithium salt of a C 10 -C 4 o fatty acid or hydroxy 
fatty acid, and optionally (v) from 0 to 70 % wt of a 
filler, all weights based on total bitumen composition, 

25 wherein the solvent is of general formula (I) 

O 

I (I) 

wherein R 1 represents a hydrogen atom or a hydrocarbyl 
group having from 1 to 6 carbon atoms, R 2 represents a 
hydrocarbyl group having from 1 to 6 carbon atoms, and the 
30 sum of the carbon atoms in R 1 and R 2 is from 5 to 7. 
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Materials and quantities described hereinabove as 
being preferred with regard to the bitumen composition of 
the present invention, are similarly preferred with regard 
to the process of the invention. 
5 Component (A) of the process may be prepared 

conveniently by dissolving the elastomer in the solvent 
of general formula (I) at ambient temperature (25 °C) . 
The amount of elastomer to solvent in component (A) may 
vary, however, component (A) may conveniently comprise 

10 from 1 to 25 % wt, more preferably from 5 to 15 % of 

elastomer, based on total (A) component. Where the 
bitumen composition comprises additional additives such 
as anti-oxidants or water repellents, these are 
preferably incorporated into component (A) 

15 Component (B) is preferably prepared by heating the 

bitumen to a temperature in the range of from 200 to 300 
°C, more preferably 220 to 280 °C, and then adding the 
lithium salt. The bitumen and lithium salt are then 
mixed, preferably by a mechanical mixer at a rate of 

20 greater than 500 rpm, more preferably from 800 rpm to 
1200 rpm, until a homogenous blend is obtained. If 
required a filler is added to the mixture at elevated 
temperature, preferably of from 200 to 300 °C. 

Component (A) may be mixed into component (B) at 

25 ambient temperature (25 °C) , however, if required the (B) 

component may be heated to a temperature of up to 80 °C, 
preferably from 50 to 80 °C to facilitate mixing. Whilst 
the relative amount of component (A) to component (B) may 
vary, the weight ratio of component (A) to component (B) 

30 may be conveniently in the range of from 1:20 to 1:5, more 
preferably from 1:12 to 1:6, based on total amount of (A) 
and (B) . 

The bitumen composition of the present invention may 
be cold-applied and used on a wide variety of substrates, 
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including metal, concrete, wood and felt, even under damp 
conditions. Accordingly, the present invention further 
provides for the use of a bitumen composition according 
to the present invention as a cold-applicable adhesive. 
5 By A cold-applicable' it is meant that the composition may 
be applied at ambient temperature (25 °C) , without 
needing to heat the composition. 

When used as a cold-applicable adhesive, the 
composition is especially useful as a joint sealant and 

10 for waterproofing concrete surfaces. When the composition 
is to be applied to a specific area (e.g. when used as a 
joint sealant) the composition may be conveniently 
applied at ambient temperature by means of a spatula, a 
hand-held cartridge or any other suitable application 

15 device: where the composition is to be applied over a 

large surface area, it may conveniently by applied by 
spray or by brush. When used in very cold conditions, a 
minor amount of high-boiling point (at least 200 °C) 
diluent may conveniently be added to the composition. 

20 Examples of diluents that may be used include aliphatic 
hydrocarbons, ethers, and di- or polyglycols that have a 
boiling point of at least 200 °C. 

The present invention will be further understood 
from the following illustrative examples. 

25 Examples 

In the following examples a selection of solvents 
were tested to evaluate their ability to dissolve 
elastomer, and the performance of cold-applicable 
bituminous adhesives comprising the solvents compared 

30 with a known composition comprising 1,1,1- 
trichloroethane . 

Solubility Test 

A variety of solvents were selected, and their 
ability to dissolve elastomer assessed by preparing 10 % 
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wt solutions of elastomer in each solvent. The elastomer 
employed was a non-hydrogenated radial styrene-butadiene- 
styrene block copolymer having an apparent molecular 
weight of 420,000 and a styrene content of 30 %wt. 
(Kraton D-1184, obtained from Kraton B.V. : ^Kraton' is a 
trade mark) . 

The results of the tests showed three general 
solvent behaviours, categorised as:- a) * Dissolved' - the 
elastomer completely dissolved in the solvent: 

b) ^Swelling' - the elastomer swelled to form a gel, and 

c) * Scattering' - the elastomer formed a dispersion in 
the solvent, which took on the appearance of a milky 
liquid (fine scattering) or a suspension of coarse 
particles (coarse scattering) . 

The results of the solubility test are shown in 
Table 1. Where the elastomer dissolved, the time taken 
for it to dissolve completely is indicated. 

The solubility results in Table 1 show that the use 
of non-aromatic aliphatic hydrocarbon solvents results in 
an unusable gel, whilst hydroxy f unctionalised solvents 
such as ethyl lactate and methyl proxitol form 
dispersions. Other than 1, 1, 1-trichloroethane, the 
solvents which dissolved the elastomer completely were n- 
butyl propionate, decahydro naphthalene (DHN) and n- 
propyl bromide. 
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Adhesive Testing 

Bitumen compositions were prepared using a variety 
of solvents and their performance as adhesives evaluated. 

The bitumen compositions were prepared by manually 
blending a mixture of elastomer and solvent (component A) 
into a pre-prepared mixture of bitumen, lithium stearate 
and filler (component B) , at a temperature of 60 °C. The 
weight ratio of component A to component B was 3:17 (i.e. 
15 % wt of A, and 85 % wt of B) . 

The B component comprised 48.4 % wt of a naphthenic 
straight run bitumen having a penetration at 25 °C from 
160 to 220 dmm (measured according to EN 1426), 5 . 6 % wt 
of lithium stearate, and 4 6.0 % wt of a calcium carbonate 
filler, all weights based on total B component. The B 
component was prepared by heating the bitumen to a 
temperature of approximately 250 °C, and then adding the 
lithium salt and mixing for 1 hour with a mechanical 
mixer at a rate of 1000 rpm. The filler was then added at 
a temperature of 220 °C, and the mixture stirred until an 
homogenous blend was obtained. 

The bitumen compositions were cold applied (25 °C) 
using a wide spatula to a dry brick surface, a damp brick 
surface and to a brick surface under water. The adhesive 
performance of the compositions was assessed, and the 
curing performance assessed after 1 week under the 
respective conditions. 

The results are shown in Table 2. 
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From Table 2 it can be seen that only the 
composition of Example 1 (containing n-butyl propionate) 
displays good adhesion in all conditions, satisfactory 
curing, and an overall performance approaching that of 
the composition containing 1, 1, 1-trichlorethane (Example 

6) . 

To compare directly the curing performance of a 
composition according to the invention with a composition 
comprising 1, 1, 1-trichloroethane as solvent, two further 
compositions were prepared in an analogous manner to that 
described for Examples 1 to 6. The compositions were 
applied to bricks and curing monitored in dry conditions 
and under water, including periodic weighing of samples 
to asses solvent loss. 

The contents and performance of the compositions are 
shown in Table 3. In Table 3 the designations Good, 
Medium, Poor and Bad are as defined in Table 2. 

From Table 3 it can be seen that the bitumen 
composition according to the present invention (Example 

7) displays a curing performance approaching that of the 
composition comprising 1, 1, 1-trichloroethane (Example 8) 
under dry conditions, and a superior performance to that 
of Example 8 when left to cure under water. 

Accordingly, from the illustrative examples 
described above it can be seen that the bitumen 
compositions of the present invention are, in all 
aspects, excellent substitutes to known cold-applicable 
bituminous adhesives comprising chlorinated solvents. 
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